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(57) ABSTRACT 

The invention relates to a gravity Separator for an effluent 
made up of a multi-phase fluid mixture comprising at least 
a heavy first phase and a Supernatant Second phase. Accord 
ing to the invention, Said Separator includes adjustment 
means for adjusting its geometrical Separation characteris 
tics. 
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GRAVITY SEPARATOR FOR MULTI-PHASE 
EFFLUENTS 

The invention relates to a gravity Separator for multi 
phase effluents. A preferred application of the invention 
relates to a separator for effluent from an oil well, Said 
effluent typically comprising three phases: an aqueous 
phase, a liquid hydrocarbon phase, and a gaseous hydrocar 
bon phase. 

After a hydrocarbon well has been drilled and made safe, 
production is started from the well for a relatively short time 
in order to identify clearly the types and magnitudes of its 
various components, and in order to estimate the production 
capacities of the well. These tests, commonly referred to as 
“well testing”, use means for Separating out the various 
phases of the effluent (water, oil, and gas). Since the various 
phases are of different densities, Separation takes place 
continuously in a vertical Separator, in which the phases 
Settle out. Downstream from the Separator, the aqueous 
phase is discharged, optionally after undergoing additional 
purification, and the hydrocarbons are burnt off. 

At the beginning of the testing Step, the composition of 
the effluent varies enormously. Insofar as the well is initially 
filled with aqueous residues from the drilling fluid and from 
the completion fluid, the effluent that is collected is essen 
tially made up of water. Then, gradually, the percentage of 
aqueous residue decreases, and the composition of the 
effluent becomes enriched with oil and with gas. 

Since State-of-the-art Separators are dimensioned to treat 
effluents whose phase ratio remains Substantially Stable over 
time, it is not possible to use them for the effluent at the 
beginning of the testing Step. Therefore, ways are Sought to 
dispose of the effluent directly. 

For that purpose, a first Solution is known that consists in 
Sending the effluent directly to burners without any Separa 
tion Step being performed. Unfortunately, the burners known 
from the state of the art are effective only for mixtures in 
which the hydrocarbon content is at least 70% to 80%. As a 
result, when the effluent is sent directly to such burners, the 
environment is polluted to a relatively large extent because 
of unburnt hydrocarbons. That Solution poses Serious pol 
lution problems and is thus unacceptable. 

Another known Solution consists in recovering the efflu 
ent and in Storing it temporarily in containers, until the oil 
that it contains Separates from the aqueous phase and floats 
on the Surface of it in Said containers. The oil phase is then 
recovered, and it is Sent to the burners while the resulting 
cleaned aqueous phase is disposed of. Although that method 
gives rise to lower risks for the environment, it requires the 
Site to be equipped with Separators and additional pipes, 
constituting costly and Voluminous equipment. 

Another method consists in building an independent 
installation for treating effluent when its multi-phase ratio is 
not stable. Although that method is ecologically very 
Satisfactory, it increaseS problems related to the cost of 
treatment installations and to the Space they take up. Logis 
tics problems are then particularly numerous. 

An object of the invention is to solve the problem of 
pollution related to treating an effluent whose multi-phase 
ratio varies over time, without it being necessary to collect 
waste which must then be treated Subsequently. 

To this end, the invention provides a gravity Separator for 
an effluent made up of a multi-phase fluid mixture compris 
ing at least a heavy first phase and a Supernatant Second 
phase, Said Separator including adjustment means for adjust 
ing its geometrical Separation characteristics. 

By adjusting its geometrical Separation characteristics, it 
is possible to treat effluent whose phase ratio is not-constant 
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2 
over time. As a result, when used for effluent from an oil 
well, the Separator of the invention makes it possible to treat 
Said effluent throughout the period during which the ratios of 
the three phases, namely water, oil, and gas, are not stabi 
lized. 

It is thus possible to treat the effluent in the separator 
regardless of how the Volume ratioS of the various phases 
fluctuate as a function of time. Insofar as the Separator of the 
invention is followed by a burner, the burner receives a 
mixture whose hydrocarbon content makes it possible to 
burn off the hydrocarbons without any discharge that is 
harmful to the environment, and a cleaned aqueous phase is 
recovered without an additional Separator being necessary. 

The Separator of the invention thus makes it possible to 
preserve the environment without it being necessary to 
collect waste that must then be treated by an auxiliary 
installation. 

In an advantageous embodiment of the invention, the 
adjustment means for adjusting its geometrical Separation 
characteristics make it possible to give preference to Sepa 
rating out certain phases of the effluent, taken on their own 
or in combination. 

This makes it possible to act on the Separation charac 
teristics in order to give preference to the retention time of 
one phase in particular, depending on whether a higher level 
of purity is desired on one or other of the phases. This is 
particularly advantageous if very clean water is to be 
obtained, So that, for example, it is possible to discharge Said 
water directly without polluting the environment. 

The invention will be well understood on reading the 
following description given with reference to the accompa 
nying drawings. The list of accompanying drawings is as 
follows: 

FIG. 1 is a view of an embodiment of a separator of the 
invention; 

FIG. 2 is a croSS-Section view of Said Separator; 
FIG. 3 is a view of another embodiment of a separator of 

the invention; 
FIG. 4 is a view of another embodiment of a separator of 

the invention; 
FIG. 5a is a section view of a detail of an embodiment 

of a separator of the invention; 
FIG. 5b is a perspective view of the same detail; 
FIG. 6 is a view of a detail of another embodiment of a 

Separator of the invention; and 
FIG. 7 is an example of a drive device associated with an 

embodiment of a separator of the invention. 
The Separator of the invention makes it possible to treat 

effluent whose characteristics are as follows: 
At the beginning of the transitional Stage, the effluent 

contains a very Small proportion of gaseous hydrocar 
bons. The majority of the separator must therefore be 
dedicated to Separating the liquid-liquid phase, while the 
Space left for the gas phase can be minimized. In addition, 
most of the liquid-liquid phase is itself made up essen 
tially of water, very little oil being Supernatant on Said 
phase. 

At the end of the transitional Stage and during the Separation 
Stage, the effluent is made up mostly of oil and of gas. In 
contrast, the percentage of water in the effluent is reduced 
considerably. It is thus necessary to maximize the Space 
available in the Separator for the oil phase and then for the 
gas phase. 
FIG. 1 shows an embodiment of a separator 1 of the 

invention, in which the phases Settle out by gravity. By way 
of example, this separator 1 is Substantially cylindrical in 
shape, and is the size of a tank that can be transported by 
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truck. When treating effluent from an oil well, it must be 
possible to move the Separator from Site to Site, and it thus 
necessary to have a separator of limited size. 
AS is known and not shown, a Solids Separator followed 

by a heat eXchanger, and a burner are disposed respectively 
upstream and downstream from Said Separator 1. 

In the embodiment shown in FIG. 1, the separator 1 is 
provided with a separation or “weir plate 5 whose height is 
adjustable as a function of the composition of the effluent. 
The weir plate 5 defines a first compartment for a heavy first 
phase, namely water, and a Second compartment fed by 
overflow with the lower-density oil phase that floats on the 
aqueous phase. The Weir plate 5 is made up of a Support 5a 
and of various telescopic leaves 5b which can be deployed 
Vertically towards the top of the Separator 1. 
As shown in FIG. 2, the outlines of the Support 5a follow 

the inside walls of the Substantially-cylindrical Separator 1. 
The moving leaves 5b are of Substantially rectangular shape, 
and they are carried by the support 5a. The shape of the 
Support 5a and the dimensions of the rectangular leaves 5b 
are complementary So as to occupy the entire width of the 
Separator 1. In this way, the Weir plate assembly 5 constitutes 
a genuinely fluid-tight obstacle over a certain height, inside 
the Separator 1. 

The leaves 5b can thus be deployed gradually so as to 
form a weir plate of variable height. As a result, the further 
the telescopic weir plate 5 is deployed, the higher the 
maximum possible level of water and the longer the reten 
tion time for which the effluent is retained in the separator. 

The leaves 5a of the telescopic weir plate 5 are in contact 
with one another. Whenever it is necessary to increase the 
height of the weir plate 5 slightly, the first leaf is deployed 
and is placed in Vertical alignment with the other leaves. AS 
a function of the desired height of the Weir plate, the leaves 
5b are successively deployed and each new leaf vertically 
increments the leaf most recently put in place. 

In the low position, all of the leaves 5b are retracted inside 
the Support 5a from which they do not project. In the 
embodiment shown, taking account of the overall size of the 
Support and of the leaves, the nominal height of the Weir 
plate, with all leaves retracted, represents substantially 30% 
of the height of the Separator. 

In the same embodiment, and in the high position, once all 
of the leaves 5b have been deployed, the height of the weir 
plate 5 represents substantially 65% of the total height of the 
separator 1. Provision is made for said leaves 5b to overlap 
So as to guarantee that Suitable Sealing is provided between 
all of the leaves without hindering the displacement of Said 
leaves relative to one another. 

The separator 1 is provided with three outlet ducts. The 
water phase and the oil phase are recovered respectively via 
the ducts 2 and 3 placed at the bottom of the separator. The 
gaseous phase is recovered via a duct 4 which, by way of 
example, conveys the gases to a burner (not shown). By way 
of example, the burner is a flare. 

The first removal duct 2 for removing the aqueous phase 
is connected to an aqueous phase recovery duct la which is 
Situated in the bottom portion of the Separator 1, upstream 
from the weir plate 5. A turbidimeter (not shown) makes it 
possible to determine the percentage of oil in the discharged 
water at the outlet of the Separator 1. In one embodiment, the 
water is then Sent via the duct 2 to an additional re-treatment 
unit that is not shown and that is known from the state of the 
art. 

The second removal duct 3 for removing the oil phase is 
connected to an oil recovery duct 1b which is also situated 
at the bottom portion of the Separator 1. A Sensor on the 
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4 
removal duct 3 makes it possible to determine the percent 
age of water in the oil leaving the Separator 1. 

It is possible to regulate the flow rate of the water sent to 
the removal duct 2 so that the level of the liquid phases does 
not exceed the height of the telescopic weir plate 5. 
Similarly, the flow rate of oil sent to the burner is regulated 
So that, inside the Separator, Said oil can always flow away 
by flowing over the telescopic weir plate 5. 

Typically, at the Start of the transitional Stage, Since the 
percentage of water in the effluent is particularly high, the 
weir plate 5 is at its maximum height. This, together with the 
regulation of the flow rate of water leaving the Separator 
guarantees maximum water retention time and therefore 
particularly effective Separation of the water and oil phases. 

Thereafter, the percentage of water in the effluent 
decreases, while the percentage of oil therein increases 
Thus, the capacity of the compartment dedicated to water, 
i.e. the height of the telescopic weir plate 5, is gradually 
reduced. 
The separator 1 of the invention thus makes it possible to 

respond to changes in the composition of the effluent, Such 
as those indicated above. The Separation characteristics of 
the Separator can be adjusted as a function of the composi 
tion of the effluent. Thus, regardless of how the volume 
ratioS of the various phases of the effluent vary as a function 
of time, the Separator adapts itself continuously to match 
Said ratioS So as to Separate Said phases. 
With the separator of the invention, it is possible to treat 

a petroleum effluent during the transitional Stage when the 
ratioS of the oil, water, and gas phases have not yet become 
Stable. As a result, the Separator of the invention makes it 
possible to treat effluent continuously, as soon as it leaves 
the well, without giving rise to environmental pollution or to 
waste that needs to be treated Separately. 

FIG. 3 shows another embodiment of a separator of the 
invention. In this embodiment, the Separator 1 does not 
include a telescopic weir plate 5, Since the Separation is not 
performed by causing the oil phase to flow over Said weir 
plate 5. Both the water phase and the oil phase can thus 
extend over the entire length of the separator 1. This solution 
makes it possible to increase the water retention capacity of 
the Separator 1. 
The recovery duct la for recovering the aqueous phase is 

Situated at the bottom portion of the Separator 1, Substan 
tially at its end remote from the inlet duct via which the 
effluent is fed into Said Separator. In this way, Said recovery 
duct 1a is situated in a Zone in which the two liquid phases 
of the effluent are well separated. The removal duct 2 for 
removing the aqueous phase is connected to Said recovery 
duct 1a. In order to avoid any turbulence, which would 
hinder Separation of the liquid phases a baffle, 1c can be 
placed immediately above the water recovery duct 1a, for 
example. 
The removal duct 3 for removing the hydrocarbon phase 

is also situated at the bottom portion of the Separator 1. 
A recovery duct 1b is connected to said removal duct 3. 

The recovery duct 1b is made up of a telescopic tube 
comprising coaxial cylinders that are capable of moving 
progressively relative to one another in a vertical direction 
inside the Separator 1. 
The recovery duct 1b is terminated by a suction intake or 

“collector' 6, embodiments of which are shown in more 
detail in FIGS. 5a, 5b, and 6. The recovery duct 1b is then 
deployed to an extent that can be caused to vary in order to 
position the collector 6 in the middle of the oil phase 
regardless of the multi-phase ratio of the effluent. During the 
transitional Stage, the duct 1b is thus extended to its maxi 
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mum extent So as to place the collector 6 high in the 
Separator, in the oil phase, and So as to maximize the Volume 
of the Separator that is available for the aqueous phase. Then, 
as a function of the variation in the composition of the 
effluent, the recovery duct 1b is gradually lowered. 

The position of the collector 6 is adjusted so that the 
percentage of water in the oil phase at the outlet of the 
Separator does not exceed 30%. This is to guarantee that the 
burners at the outlet of the Separator operate effectively, and 
thus to prevent any discharge of unburnt hydrocarbons into 
the environment. 

FIG. 4 shows a preferred embodiment of a separator of the 
invention. 

In this embodiment, the recovery duct 1b for recovering 
the oil is constituted by a bellows of substantially cylindrical 
shape and made of flexible materials. Such as plastics mate 
rials. In the embodiment shown and for reasons of 
compactness, related to the materials of the bellows 1b, the 
nominal height of the bellows corresponds Substantially to 
30% of the height of the separator 1, whereas, once it is 
totally expanded, the bellowS 1b has a height representing 
substantially 65% of the height of said separator 1. 
A Suction intake or “collector 6 as shown in any one of 

FIGS. 5a, 5b, and 6 is situated at the end portion of the 
bellows 1b. 

The use of a flexible bellows offers numerous advantages: 
it is a light-weight and low-cost System that, in addition, 
does not Suffer from the Sealing and sliding problems 
encountered with a telescopic deployment System. 
Advantageously, a guide device is provided that is 
constituted, for example, by four guide Stakes. 
As described above for the telescopic recovery duct, the 

bellowS 1b is allowed to expand to various extents as a 
function of the multi-phase ratio of the effluent, so that the 
collector 6 is always positioned in the middle of the oil 
phase. During the transitional Stage, the bellowS 1b is thus 
at its maximum height, leaving the maximum possible 
Volume available for the aqueous phase. Then, while the 
effluent is varying, the height of said bellows 1b is adjusted 
So as to recover oil whose water content is compatible with 
good burner efficiency at the burners at the outlet of the 
Separator, i.e. a water content that does not exceed 30% in 
the oil phase. 

FIGS. 5a and 5b show a first embodiment of a collector 
6 in Separators of the invention. This collector is made up 
mainly of a cover 6a overlying a collar 6b. In this way, the 
oil is Sucked in radially through the empty Space between the 
cover 6a and the collar 6b. This particular geometrical shape 
makes it possible to reduce turbulence on taking oil into the 
recovery duct 1b, thereby avoiding the risks of water or gas 
being Sucked in, and the risks of a Vortex being generated. 

The space between the two portions 6a and 6b is small 
enough to make it easy to position the collector 6 at the 
“cleanest' level in the oil phase, So as to recover the oil 
without running the above-mentioned riskS. 

FIG. 6 shows another embodiment of a collector 6. This 
collector is Substantially in the form of a cylinder Supporting 
a duck bill opening. Suction takes place radially, and the 
collector 6 can be positioned angularly So as to Situate it as 
well as possible in the Supernatant oil phase. 

The position of the collector 6 in the oil phase can be 
adjusted at any time during the Separation proceSS. For 
example, the collector 6 is firstly positioned in the middle of 
the oil phase. Then, Secondly, the position is re-adjusted. For 
this purpose, in order to take account of the thickness of the 
collector 6, the decision is taken to place Said collector in the 
oil phase in a Zone ranging from 5% above the interface 
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between the two liquids to 5% below the level of the liquid. 
This makes it possible to maintain a water percentage of leSS 
than 30% in the oil at the outlet of the separator, which 
percentage is compatible with State-of-the-art burners. The 
position of the collector is re-adjusted as a function of 
variation in measurements made at the outlet of the Separa 
tor. 

FIG. 7 shows an actuator device for actuating the various 
above-described systems. This device makes it possible to 
drive the recovery duct 1b, be it in the form of a bellows, in 
the form of a telescopic tube, or in the form of a telescopic 
weir plate 5. 
As shown in FIG. 7, the actuator device is made up of 

pneumatic, hydraulic, or electrical actuator means 8 con 
nected via a stepdown gearbox 10 to a worm screw 11 
situated inside the separator 1. The worm screw 11 serves to 
drive a threaded rod 12 which (as shown in FIG. 7) is itself 
connected to the collector 6 or to the first weir leaf 5b. 

In another embodiment, the drive means of the actuator 
device are situated outside the Separator and are connected 
to a drive device constituted by a lever arm connected to the 
recovery duct 1b (i.e. the bellows or the cylinders of the 
telescopic tube) or to the weir leaves 5b. The drive device 
then has means for gearing down the movement in transla 
tion. 
The Separator of the invention thus makes it possible to 

adapt the geometrical characteristics of the Separation to 
match any effluent composition. In addition, as well as 
making geometrical adjustments to the Separation means, it 
is possible to vary the flow rates of the various phases at the 
respective outlets of the Separator, and thus to give prefer 
ence to water retention time or to oil retention time, or to the 
retention times of both of the liquid phases. In this way, at 
the outlets of the Separator, it is possible to recover either 
very pure water, or else oil that is free of any water. 

Whatever the multi-phase ratio of the effluent, by con 
tinuously adjusting the geometrical characteristics of the 
telescopic plate 5 or of the recovery ducts 1b, it is possible 
to achieve effective Separation of Said phases, and thus to 
optimize use of the burners at the outlet of the separator. The 
environment is thus protected from any harmful discharge, 
while also avoiding having to treat additional waste in 
auxiliary and costly installations. 

In addition, by not fundamentally changing the compo 
nent parts of a separator known from the State of the art, the 
Separator of the invention is particularly low-cost and easy 
to make. 
The Separator can also be used after the transitional Stage, 

once the composition of the effluent has become Stable, 
because it is then necessary merely to lock the level of the 
Weir plate or of the recovery duct. As a result, the Separator 
of the invention can also be used for effluents whose 
multi-phase ratio is constant. The Separator of the invention 
can thus be used under a particularly wide range of condi 
tions. 
What is claimed is: 
1. A gravity Separator for an effluent made up of a 

multi-phase fluid mixture comprising at least a heavy first 
phase and a Supernatant Second phase, Said Separator includ 
ing: 

adjustment means (5,1b) comprising a separation plate or 
“weir plate” (5) that serves to define a first compart 
ment for the first phase of the effluent and a second 
compartment fed by the Second phase flowing over Said 
Weir plate each compartment having an outlet; 

actuator means (8); and 
Sensors located at the outlet of the Separator (1), said 

Sensors measuring the heavy Supernatant phase ratio in 
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the liquid leaving the Separator; wherein the actuators 
means drive the Separator plate (5) of the adjustment 
means in response to the measurements of the Sensor. 

2. A separator according to claim 1, wherein the Weir plate 
(5) comprises a Support (5a) and telescopic leaves (5b), said 
leaves (5b) being deployable vertically towards the top of 
the separator (1). 

3. A separator according to claim 2, wherein the Support 
(5a) and the leaves (5b) occupy the entire width of the 
Separator (1), So as to form a fluid-tight obstacle over an 
adjustable height, inside said separator (1). 

4. A gravity Separator for an effluent made up of a 
multi-phase fluid mixture comprising at least a heavy first 
phase and a Supernatant Second phase, Said Separator includ 
ing: 

adjustment means comprising recovery means (1b, 6) for 
recovering the Supernatant phase in Said Separator and 
directing the Supernatant to an outlet, Said recovery 
means (1b, 6) passing through the heavy phase; 

actuator means (8); and 
a Sensor located at the outlet of the separator (1), said 

Sensor measuring the heavy to Supernatant phase ratio 
in the Supernatant leaving the Separator, wherein the 
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actuator means adjusts the level of the recovery means 
(1b, 6) of the adjustment means in response to the 
measurements of the Sensor. 

5. A separator according to claim 4, wherein the recovery 
means (1b, 6) for recovering the Supernatant phase are 
constituted by a telescopic tube (1b) made up of coaxial 
cylinders that are driven by the actuator means (8) progres 
Sively relative to one another in a vertical direction as a 
function of the multi-phase ratio of the effluent. 

6. A separator according to claim 4, wherein the recovery 
means (1b, 6) for recovering the Supernatant phase are 
constituted by a flexible bellows (1b) that is driven by the 
actuator means (8) as a function of the multi-phase ratio of 
the effluent. 

7. A separator according to claim 6, wherein guide means 
Support the bellows So as to guide it vertically inside Said 
Separator (1). 

8. A separator according to claim 4 wherein the recovery 
means (1b, 6) for recovering the Supernatant phase are 
provided with a suction intake or “collector” (6) that is radial 
and/or directional regarding the Supernatant phase Surface. 
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